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Toward a Gegnitive Theery ef 
InstruGtien 



Lauren B^Resnick 

learhmg Research and Develdpmeht Center 
Uhfvers/ty of Pittsburgh 



Wc are now wcU accustomed to noting the cognitive *'rcv61uti6h*Vthat has 
charactcTizai the iast decaiie or two of jKychblogy. Tne human mind has been 
rediscovered, or at l^t reaffirrned: reasoning and cbought arc cehtraJ objects of 
scientific stikiy: and the nature of huraih coghitive abilities is being examined in 
fresh ways. It seems evident that the new cbiicepcibhs of human cbcnpetence that 
are emergihg ought to affect the practice of educadbh^^at a cognitive theory* of 
ihsthicticn ought to be exhcrgihg alongside quf iiicttasingJy elaborated theories 
of cognitive pK^onnahce aiid developmeiit. What would such a theory look like, 
how close are we to having one. and what diiiecdons mt^t be fcj lowed to further 
its development? These are the qoesiions explored in_±is chiqjttr^The goal of 
this Inquiry is to build an agenda for research that will result in a cognitive theory 
of instruction capable of infoiming educational practice and at the same ume 
extending the limits of our Icnowledge about how people jeam and develop. 

bet as begin with some definitions that will serve to set the boundaries of the 
inquiry. Fust. I define as instruction anythihg thax is done in order to help 
someone else acquire a new cafhabiliTy. This is ah intehtiohaily brbad defihitioh. 
It means duu Ihsiructioh is hot limittti to traditibnal "teacher's tasks/' such as 
lecturing or conductihg recitatibhs or setting hbmewbrfc assigtiiiiehcs— -although 
the5e are certainly activities that riiay qualify as itutriicnbri. Rather, any act that 
ihtehtibhally artahges the world so that ^mebddy will learti sditiethiiig ctx>re 
easily qualifies as instrtiction. I think it will b^orne cl^ as the chapter proa»»ls 
why this broad definidon of it^cruction B^^ential—in^^ js dicmsl by — die 
view of human learning is bcmg cfaborated by_ciOTCTt co^frid^ P^^^^^Pfy- 

With diis view of instruction as a point of departure, we can now consider the 
elements of a dieory of instruction. Such a theory must be both descriptive. 



5 



4 



6 RESNICK 

explaining why instrucnon wori:s and why it docs not, and prescriptive, suggest- 
ing what to do the next time for better rcsuJts. For tix:se purposes three rK^uiie- 
mcnis must be met. First, a theory of instruction must specify the new ca- 
pabiJsties chat we are trv'ihg to help somebody acquire — that is, the goal of the 
instructional effort Second, it musLprovidc a th«)rctica! account of how people 
acquire these desinsd capabilities. Finally, ar ihstructionai theory must specify 
hovv something done by ah ihstructbr interacts jwith the individual's processes of 
sscquisitidii so that something hew is acquired. Thcit arc, then, thr^ components 
ic a theory of ihsiructidn: (1) spccificsuibn of capabilities to be acquiral; (2) 
description of acquisitiori processes; and (3) principles of ihterventibh. 



A BRIEF HISTORY OF PSYCHOLOGICAL THEORIES OF 
INSTRUCTION 

The effort to build a theory ofjnstrucuon is rooted in today's cognitive psychol- 
ogy 2and^ poses a ctadienge, but this is by no means the first time that 
psychologists have addressed this task; A brief review of some past efforts at 
drawing instructional implications from psychological theory will help tis to 
appreciate both the goals and the potential pitfaUs of our new venrorc: 

E. t. Thorndike and the Theory of Bonds 

Our accmiht begins with Edwanl L. Tborhdikc, the prbihinent American associa- 
tkmist Thbrhdike had a wcl!-devejc^)cd ihsiructidoal th«>ry that grrw dirwnly 
«rt of his genera] associaiibhist theory of how the human ihihd works. For 
Thorridikc . new capabilities to be acquired could be described as collcctibns of 
**bdnds"— <hat is. asMciatiohs berwccn stiiiiUli or betweeh stimuli and rc- 
spoAscs. Thorndike took so seriously the hdtjon of defiiiiiig itistriictibhaJ goals in 
these ternii that he actually undertook an analysis of school subject matter. In 
19^ he published a book entitled Tlte Psyc^iogy of Anthmittic, which contains 
msmy lists of the boncb_he thought made up the subject matter of arithmetic. The 
book thus esscntiaiiy offered what we might now call a msk anaiysis of arithrne- 
tic, in terms consonant with associationist learning theory: in keeping with 
associationist principles, there was mimmal organization imposed on the lists of 
bonds. Thorndike implicitly recognized some deeper structure thin chat reflected 
in a simple collection of bonds: he proposal that bonds that "go together'' 
should be taught together. Thus, he ciuster«i addition bonds in one list and 
fu^KT^oh bonds in abbthCT. and so rorth. l£rge)> foilbwihg commbfi soise 
views of arithrnetic coatent. But his book offcrol little guidance as to what made 
things go together. _ _ _ 

Despite this iihiiiatibh. Thbrhdikc*s task analysis proved very powerful. This_ 
was in large part because it was accdthpanicd by a strongly articulated theory of 
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1. TOWARD A COGNlTiVE THEORY OF iNStRUCTlON 7 

acquisition. This theory specified that one acqiiifts new bk>nds through a triai- 
and-errof pfocerJ In which assdciatioris that arc rewarded bccbrnc strbhger. 
whereas thosr thai arc puriishcd or ignored graduaJIy die out. This is the **law of 
effect. " The lav. of effect pointed in turn to a very cl^ theory of instruciidnai 
intervention An inscractor should organi2c practice in a way that would strcrigth- 
en corre^' _• py reward; and weaken incorrea r^ncs. This theory led to 
sever"' :^.ucs of research in mathematics edacaDon in which investigatofT tried 
to .jrminc empiricaily which bonds were easiest co form and which were 
uardest. so that practice coaid be organized from easiest to hardest: Such practice 
would give maximum opportunities for rewarding correct answers and thus 
strengthening correct bonds. 

This approach to mathematics teaching stiil continues. For exampie. much 
computer- assisted drU I -and -practice instniction can be Mcwed as a sophisticated 
manifestation of Thbmdikc s theory. The Stanford C.Ai (computer-assisted tn- 
smictibh) programs for math (Suppcs <& Mbmihgstar. 1972). for example, fit 
that theory very well even thbugiL_d>cre is^ib mention in any of the prrbgram 
dcscripticKis of associabdh thiibry . Thus the Thorndituai} theory of ihstructibh has 
had a reaJ influence on educatidhaJ practice. 

Skinner and Operant Cohditibhihg 

Another psychologist who has had a profound imjract on the theory and practice 
of insmiction is B: F: Skinner (Gla^r^ 1978: Skinner. 1958). HLs effect was lb 
lead instruction even further away from a ccnirai concan with the structure of 
knowledge and its intcrrciatcdness Skinner and other radical behaviorists deni«l 
thai a science of mental life was possible because mental events were no< open to 
public observation. With respect to instruction, the radical behaviorist position 
dictated a dcfin in bh of the capabilities to be taught cnrirely in terms of observ- 
able pcrfbrmanccs This has Icd jo an entire t«:hr>oibgy of bchavioraJ objectives 
(cf Magcr. 1961). still bne bf the more powerful influences on curriculum 
design and teaching practice^ 

.\ithbugh :hc Sfcihrienah fbnnuiatibh was explicit abbui the terms in which 
capabilities to be induced thibUgh instruction should be stated. Skihr^ himself 
never did the kind of detailed work on the analysis of ihsmictibiuij subject matter 
drat Thomdike did: Thus: there were no guidelines in Skiniicr s own writing 
expiaining how to amve at the content of objective of how to order iHcrrl. 
Robert Gagne s theory of cumalative leammg (Gagne: 1962: 1968) and the 
methods of task analysis and learning hierarchy specification based on it (cf. 
Rcsnick. 197?) rlHed this gap. providing a method of task analysis that is still 
very mfluentiai. 

As was the case with associationism. there was a strong acquisition theory 
associated with the Skinhenan view of learning. Much was shared with Thorn- 
dike, since learning was seen to be the result of patterns of rcinforccTncnt. or 
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reward. Bu; Skirmcr went beyond Thomdikc: He proposed chat wrong responses 
prrxlucc sucH negaiivc side effects in leammg thai it would be best to avoid them 
completely He and his associates (e.g.. Terrace, i963) showed that ••erroriess 
learning" > as possible through shaping of behavior b> small successive approx- 
imations. This led naturally to an micrcst in a technology of teaching by organiz- 
ing practice into carcfuiK arranged sequences through which an individual grad- 
uailv acquires the elerhenis of a new and complex picrformancc without making 
wrong respbhses en route This was translated for school use into "programmod 
iristructidh"— ^ form of ihsirucuoh characterized by very smaJI steps, heavy 
promptihg. and careful scquencihg so that children wduJd be led step by step 
toward abilitN to pcrfonn the specified bchavioraJ objectives. Mcahwhife. the 
same gcncraJ principles weft applied to rnethbds of orgariizing and rhaihiaihihg 
desired sociai b^ehavior in the classroom and keeping children's atichudh oh the 
assigned work: This line of application became iLnown as " behavior rriddifica- 
tion** (Razdin: 1981): 

Both associaiionism and bchavionsm. then: provided a coherent theory of 
instruction that included methods of specifying the capabilities to be taught, a 
general theory of acquisition, and principles for intervenbon. Neither, however, 
offered a thorough analysis of thinking or knowledge, and so both were often 
judged inadequate by educators and F>sychologists interested m promodng rea- 
soning and understanding. These groups found the theories of Piagct and other 
psychologists, such as those of the GcstaJt school, morr compatible with their 
cdhccms. We turn next to these early cognitive psychologists. 

Gestalt Psychoiogy and the Stractures of Thinking 

Although they do not come to mihd irtimiediateiy as LhstructibnaJ theorists. Ge- 
stalt psychologists — espcciaJly Max Wcrtheirrier 1 1945/ 1959 >-^w ere in fact very- 
interested in education Wcrthcimcr spent time in schools and tried to develop a 
theory of education that wouid promote * 'productive thinking" and "meaning- 
fill** ieammg; Compared with the formulations offersl by associationists and 
bchavnorists. the instructional theory that can be induced from ^^'cnheir^cr's 
ATiime IS very s)cetch> , Nevertheiess: it represents an early ^ogmtjvc tncorv' of 
instruction and thus is of considerable interest to our present inqutr>. 

For Wertheimer. the important capabiiitjes to be proniotcd through instruction 
were principles and structiurd knowledge rather than anordered collections of 
bonds or bcnaviors specified without reference to tte thoughts behiod them. The 
essentia] character of GtrstaJi thought oh education is well illu5trat«i by reference 
lb Wcrtheirivrr's farhbus pa^ prbblern. Wertheimer reports going into a 

classriDom of children who had been taught to find the area of a paraJIciogram by 
dropping a perpendicular line arkl then rtiultipiyirlg the perpendicular by the base 
of the paraJlelbgrarh. Pcrforthance on this task was excellcrit as long as the 
giralicldgrarti wa^ presented in the standard way . as shbwri in the top of Fig. 1 . 1 . 
But when Wertheimer asked the class to find the area of a paraJleldgram in a 
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StahCtard aTgorithm 




RG. 1.1. Ftiiding the area of a pcnilelogram uaiog ^ slan^ar^ algon^un: Chtt^rta were confused 
when appjyiQg it lo Wertticimer's problem figure. iFrom Rcsnidt and Ford. i98l. Repnnrcd wuh 
permission.) 

different position fas in the bottom of the figure) the typical response was 
••That's not fair" or '*Wc haven't had that yet"— from tcacbcr as well as 
childi^ri! The difficulty was that the standard forrnUla did riot seem lo apply with 
the *;up-chdcd** figure when a perpendicular was dropped from a top ahgic. 

Wertheimer used this negative example to point ro what one ought not to seek 
as ah educatibhal outcome^^^^tc learning of pfdccdtires and ahswci^-^aiid to ah 
aJtcrriative goal. He was ihtcrestcd in instruction that would lead childrcr to 
recogrlize the pninciples that lay behind procedure so that they coald solve 
problems thai were not identical to those tfiey had airrady encoancsred: For 
paraJielognim. this would mean recognizing: (I) that "area" refers to the num- 
ber of unit squares that can be sapcrimposed on a fiffore, bat that this requires a 
figure that has right angles: (2) that nonrcctangular figures can be converted into 
rectangular ones by cutting and repiecing figures: and (3i thai the added perpen- 
dicular in the standard formula for tiic parallelogram is_ simply a conychicht way 
of simulating the effects of this cucphg and rcpi«:ihg. Recognition of these thr^ 
principles is what Wertheimer would have viewed as essential to a "stnicrurai" 
solution lb the parallelogram problem. It was that kind of structuraJ kribivledge 
that he proposed as the appropriate obj«:tivc of insmictibxi. 

Wcnhcimcf thus proposed the terms in which caj^ilities for instructiori 
should be analyzed: Unfortunately, however, da orher portions of a theory of 
instruction — a theory of acquisition and a theory of intervention — arc large iy 
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missing in the Gcstaltist formulation. For tbc C^taltists, structural knowledge 
was essentially either present or absent. Utile attention was p?aid to Hou it 
developed. 

With respect to iritcrvchtibri, the Gcsialt emphasis oh uhdcriying structures of 
tndvv ledge led to ah interest in "discovery" methods of teaching. The nctibh was 
that if one discovered something rather than being ibid or sbbwh it, then the 
underlying principles father than just a pcHx)miahcc pattern would be acquiitd. 
This theme was dtrcxtly punned in work by Kaibna (1940/1967), who tried in a 
number of experiments to show ttiat Icartiing by mcrrwrizing actiially iflierfcr^ 
with thc^rccognitioa of principles and organized stmctures The theme of discov- 
ery icanring was also picked up by a number of educational psychologists (see 
Shulman & Kcislar, 1966). However, a close analysis of a number of the 
discovery learning cxpcnmcnts suggests that it was not the discovcr^ methods of 
teaching so much as the different comens made available to scudems that accounts 
for diffcrchi loirnihg outcomes (sec Resnick & Ford, 1981, pp. 144-146). 

A more robust principle of iniervcntiob that can be drawn from G«taJt theory 
is the irnportahcc of providing instructional representaxions that highligiit the 
rclatibhs ahd structural features that we want students to acquire. This princi- 
ple—well illustrated by the variety of ''soiKturai ii^ for teaching mathe- 
matics that were developed during the 1950s and 1960s — is also in accord with 
dcveJbpmcntaJ theories bf ihsinictibn bffcred by Bruhcr n960, 1966) and by 
Piagct. 

Plage t 

One can hardly consider the possibilitiK for a co^itive instracnotsal tbc^ 
without attending to Piaget: F4ager himself had htde to say about instruction; yet 
despite this, there have been numerous efforts to draw educational implications 
from his work, and a variety of different educanonai programs hive been labeled 
••Piagetian'' (eollis. 1975; Fuitfa & Wachs, 1975; Kaxnii & DcVries, 1977). Is 
there a coherent instructional ihrory to be found beneath tbc label? The answer 
ro;|uires a look at the work of a number of psychologists and ^lucatofs who 
consider thcrnsclves to be aRjlyjhg Piagctian theory. 

Consider first the question bf the capabilities lb be fostered through instruc- 
tibh. A central core bf Piaget' s work has been cbhccrhed with charactcrizihg the 
ethergehce ih children bf tfe general logical deductivic ca|MS:ities that are tlve 
smicturaJ bases bf thinking. This ted sonic educators, especially in tist first flush 
of excitement over Piaget. to propose ttw feKhing of qsefaiioeaJ thinking- 
assess^ by the various '*Piagetlan tasks" such as cors^rvauoti — iis the goal of 
iiiOTuctibn (e.g.. Kainii, 1972: Lavaelli, 1970; Weikart, Rogers, Adcock, & 
McClelland. 1973). taprovefnent of pcrfOTTsmcx on various Pta^etian^scalcs, 
which Ate chemsejvQ based on the tasks used in Piaget*s studies, has sometimes 
been proposed as a criterion of effective education even when the actual instroc- 
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tibn focuses on traditidriaU school subject maner ( A)my, 1970). Others have pro- 
posed Plagctian rcihierprctabohs of school subject matter, especially in mathc- 
maiics fc.g.. Lovcll, 1971) and science (Lawsoh. this voiume): or early 
edocation prdgrarns airried at general forms of operational thinking (e.g., Furth 
& Wachs, 1975: Karriii '& DcVrics, 1977). OfX£n, however, ii is not very clear in 
whai sense the goals arc specifically Piagctian, since the concepts to be taught 
^^vc not_bccn stadied by Piagct. In any case, this idhd of ihtcrprctive analysis of 
^iabjcctjnattcr is quite different from the very detailed ihstructibrial task analyses 
of Thomdike or Gagnc. 

The difTictiity in tiiiking clear conncctidris between Piagetiah theory and the 
tasks of school instruction persists when we consider the question of acquisition. 
Piaget docs, of coane, offer a broad theory of dcvclopm^ht and Hence of the 
acquisition of capabi^Hoes: (See Gallagher & Reid. 1981. for an ihtroductibh to 
Piagct's theory of learning; see Inheider, Sinclair, & Bovct, 1974. for some 
Genevan instructional studies.) The key elements in this thcorj* arc imeracrton 
and ?quiUbrarion. Brtwdly. the interactionisi position specifies that biological 
endowment interacts with the ctTvinxuncni so that a child growing op in Its 
appropriate socio-cco logical niche will develop in certain directions: Equilibra- 
tibh refers to the complementary processes of assimilation and accornmodatjon 
by svhich the child cohsmucts successively more complex and powerfijl schemes 
that arc used to ihicrpret the stirhuli ehcountcrcd in the environment. The process 
of cquilibratidh is spaikcd by cognitive conflict, or the tkmng of contradicdons. 
^^^y* ^^J^ a good deal more of ar acquisition theory here than in the 
Gestalt work. Nevertheless, the Piagetiah acquisition Uxxyry remairis quite gcncr- 
aJ: The acruaJ processes involved in assimilatibr arid accdrhmbdatidh arc not 
specified: so the namrr of the organism-cnvirdnmeht ihteracridri is not mMc 
clear. 

As a result^ Piagctian^ theory provides a very weak guide for ihstructidhai 
etfcrrts This becomes apparent as one atiempts to dcnvc an iniervcntidh thedrv 
from Piagef's • ^ting. Only some very general prnnciples arc forthcoming: Set tip 
ah environment in which the child can interact and be acavely cngsged with 
Lhr.igs. with other children, and with adults. Promote the naruraJ acnvtnes or 
children in ihtcraciidn with their envinjr.mcnts. Do not do too much drill and 
pract.cc as this leaves little rbdrri for the conscruction of ideas and relationships 
Lc^vc room for jhvehtidh and discdver\'. Point out contradictions 
and I'^t the child work dri resdlvirig them. 

Jj^is, forjhe moment, very hard to dezive ahythirig more than these general 

pnnciples from d>e Piagetirin view. ;\lthough the principles have been inspiring 
:o many educatojTS; they jiave provwi diffictih to translate intd specific practice 
for the classroom. Again^ ^ontr^j^with tfe explicit prescripdohs of 

bchaviora] and associanonisi thcone. of instractjon: 

llicsc, then, are. some of the predecessors we have to build upon as we 
appirt)ach the task of cicveloping a cognitive theory' of insmiction: As we have 
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seen the Uicorics thai arc strohf. on prcscnbihg uitcrvchtibhs aic theories thar do 
hot riavc rhuch to say atK)Ut thought processes Even worse, they ah: theories thar 
alitias; entirely ignore siructure. drgarilzatibn. and meariihg as central aspects of 
learning. Oh the other haiid. the more cognitive th<^es — those that treat mental 
iife as real and impoitant and thai are concerned with the stroctare of luiowl- 
G^c~have been ver^' wcakJy dcvcJopcd as instractionaJ theones. Despite some 
^gant examples of the kinds of instroctionaJ goals that tiiight be promoted, 
neither Gcstalcisi nor Piagcnan anaiyses have prcxccdcd verv far in specifying 
these oatcomcs Farther, wc can draw only vcr> gencraJ theories of acquisition 
or intervention from Piaget: and virtaaily none from Werthcimer and the 
Gcsiainsts. 

Is this choice between cognition and a vigoroas tastxucdonad thcorv neces- 
sary? Or can wc envisage a strong theory of acquisition aiKl iniervcndon based on 
cognitive analyses of instrucnonally relevant tasks? That is the qii«ti6n ad- 
dressoJ in the remainder of this chapter. I will consider the characteristics of 
ciirrrht cognitive sriehcc r^carch as they bear pci these instrxictiohaJIy relevant 
tasks in order to suggest di'eraohs for a cogrative science of inscructibh. My 
accodm begins by charactcririhg ihc currcm state of cbgiutive task analysis aiid 
then turns to the irnplicatiohs of infdniiatibb -process theories for cdghibve 
theories of acquisition and iriter^entidh- 

COGNmVE TASK ANALYSIS: NEW DERNITlONS OF 
GAPABIUTIES TO BE bEVEt:bPEb THRSUSH 
INSTPUeTldN 

A cenrraJ concern of cognitive science today is the analysis of complex task 
pcrfonnances As basic pnnciples of cognitive processing have become estab- 
lished: largely through work on simple, laboratory -like tasks, cognitive scientists 
^ including psychologists, Unginsts. and computer scicndsu; have incieasingJy 
turned their attention to the more complex tasks that occur in the real v^orld. 
.AfQohg the kinds of tasks how under study are corhprchcnsibn of extended 
wnrncn and spoken rnessagcs, solving physics problerhs, solving roatbcrhatics 
problems ranging from simple anthrhctic to gedrnctry and algebra, prograihrhihg 
cDtnpt^tcrs. repairing electrical equipirKsnt, reading X-iray films, and pcfforming 
rtrdicai diagnoses. Ail these tasks ait the tcinds that fortn pmrt of school, univer- 
sity. Or technical curricula. Because cognidvc analyses of perfdnnancx on in- 
structibrially relevant tasks auiomaucally afford descriptions of i^jabilitics to be 
foscred by instraction, it is possible to^ characterise a large pafft of canrnt 
maHfiarwmi cognitive psychology as directly contribanng id a theory of instruc- 
tidtj. 

The flavor of the research on cognitive task analysis, and the kinds of ca- 
pabilities thet arc being identified » can best be conveyed by considcnng exam- 
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pies of this research. I focus here oh three domains from the school curriculum — 
reading comprehensiDti, science, and matherTiatics. 

Reading Cbrhpreherisibn 

There is no instracdonaily relevant domain of invcstigadbh that has cxjxrienced 
as specj^tiiar a growth in jasi several years as reading coihprehchsibh. 
Furthcrrnorc, work on^bc undcrstainding and coniptiebensibri bf natural language 
points to sonr^c of ^ jrajor jhe incs in cognitive chcofy. thus, this is a gcxkl place 
in whichjo bcgin^ cofttidexBtiOT^ task analysis. Current work bh text 

comprciicnsion^ represents a bicndng of questions and tnethbds from at least 
three discipline: psychology, Ibgnistics, and aatincial intelligence. My exam- 
ples coHk largely froih psychology, twHt is a p^cbotogv thai is by now heavily 
influenced bv and influchtiaJ in the other two fields: the source of iiifluehce and 
pbims bf cbllabbratibc arc mehtlonwi as I proceed. 

Three major therrics can be detmtti in the current tine of rescareh on undcr- 
siahdihg and learning from text. Th«e are: (1) the Irapbronce of prior know I- 
«lgc in undcrsrariding a text passage, if 2) the ccntiaJ role of infarncc in reading, 
and [3) the flexibility of the readiiig prt)c^5--4ts adaptation to local conditions 
and demands. Each of thissc is considered in turn. 

__ t^^^J^"^^^^^8^' ^ \912. Bransford and Jbhmbti pfferai a dramatic ex- 
ample of die extent to which texts becbifnc comjwefchsible by virtue of being 
assiiralated into existing copJti stmcturcs. To make the derhbhsiration, they 
showed toi certsdn e^pcci^y ambiguous fwssages cbuJd nbc bc_uhderstbbd at all 
until some hmt of dicy^were '*about" was jpfovidfcd. For example, the 
passage ui Fig. 1.2 is incomprehensible ontii a picnire related to the sicry is seen 

(Fig. i.:^». 

Following Bransford and Johnson, dscre came a number of other dcmbhstra^ 
Dbhs that ambiguous (but perhaps not so tocaiiy otwcure) j^ssagcs took bh 
rhcahing either according to hints provided S ^vance by ie experimenter or 
according to the subjects' predilections. Anderson; Reyiioids: Schallcrt, and 
Gocti (1977), for example, shbwaJ that music sruderitt mierpretcd a passage as 
tecribing an evening bf playing music, whereas physical educafion students 
mterpret^ the ^me passage as ah evening of playing cards. Othas showed iai 
which information in a passage was conveyed could influence what 
^.^J??^^^'?^ .^^ ^. P*^^^^^^^^ how die txiembtS' was brganizol. For 
cx^pic. in rescsffcb b5^.AaKteson, Spiro, and Ahdcrsbh (1978) a ''restaurant" 
s^ory produced a different paitOT of recall for an identical set bf food items than 
did a ** supermarket" story. 

These various demons^tions of ie role of organizing schcrhata cm under- 
standing and rccaii echoed an ^jcr^ line of wort, by Au^bei U968), on 
''awjvahcc organizers.'' Ausuljcl had published a series of studies that showed 
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If the ^aUoons popped the sound wooidn't be able to carry 
since everything wocdd be too far away from the correct 
floor. A cload window would also prevent the sound from 
carrying, sina most buildings tend to be well insulated. 
Since the whole bpcraiibn depends upon a steady flow of 
electricity, a break in the rniddic of the wire would also 
cause problems. Of course, the feDow could shout, but the 
human voio; is not load enough to carry that far. An addi- 
tionai problem is that a string could break on the instru- 
ment. Then there could be ho accompaniment to the 
message. It is clear *Jiat the best Stuation would involve less 
distance. Then there would be fewer potciitial problems. 

contact, the Icaa ntiitibcr of things could 

go wrong: 
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that Icarnmg of inib^^ cxwld be improved if, in ;kivancc of 

rrading the text, studcms were provt^ wi aii of ganizaubh pr stnicmrc wittiin 
^srhich to intcrprct it. Rcc«ntjcvicws^aid {e.g., Mayer, 1979) have 

wade it clear thai advance organbcTS ae an advantage when c^tain cbhdiubhs 
yjokL n ) the learner does not already laiow eoough about the topic to provide the 
organizer for himself or herself: (2) ih^organizer is at least ^sdmewhat more 
'^abstract" than the text itself, so that it provides a general strucrurc. rather than 
jtist a preview of what is tb cbmc; (3) the maioTal to be learned do^ not itself 
contain the necessary organizing and anchoring ideas; i^) the test comes long 
enough after the exposure tb brgaiuzcr and text thai the learner cannot recall the 
^^T^^y "^^st create ah ihterprctwj version. 
Work on /'story graininars'' is a particularly wcll-deycloped example of how 
pnor biowledgr wcMics in the process of undcrstahdihe. Dealing with a particular 
kind of text, the n»rKive story, a iiumbcf of invcstigazors (Mandler. 1978; Stein 
i Glenn. 1979; Tlior^ have shown that stories have a protorypicai 

^tKmjrc in which several cattgorijs^ inforttiatidii rnust occur in brdcn a 
setting, an initiatihg evOTt^an mternd response, ait attertiiK lio bbtoih a goal), an 
outcome or conscquericc , and a reaction^ Some of die categories in diis siruchiie 
arc more cciitnLl than others. This is shown t^/^sabstandai rcgiilahties in which 
jxjTtibhs of stories p^bpjc omit in th eir ret ellings or in die stories diey make up 
(Gbldrhah, 1979). Story grammars represent an attempt to dcvcidp a domain- 
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specific theory of icxi understanding: That is, it is proposed that in order to 
andcrsiand stories people must already have an idea of what a story is supposed 
to be like: This idealized story — a '"schema*' of a story— organizes and directs 
their interaction with the panicuiar story they arc now reading or hearing. 

The idea that a protor\pic version of a situation is used to interpret specific 
instances is shared by much of the recent anificiai inteiiigencc (Ai) work on 
naniral language understanding (Schank & Abclson, i977). A number of com- 
puter programs have been consmjcied that are capable of '* understanding" and 
answering questions about texts on a number of topics. Much of the abihry of 
these .AJ programs to urKlersiand derives from their clomain spccificiry, which 
allows them to use previously stored knowledge to interpret the new text. But the 
specificity is also a shoncoming. for it makes it difficuil to develop i general 
prbgrarh for text cbmprehchsioh. 

Tnferencr. The most comprehensive acternpt to build a^cneraJizcd model of 
text uhdersiahdihg is that of Kintsch and van Dijk ( 1978). Their efforts arc, in a 
sense, the riccessarv cbmplernehts to models of processing that depend on repre- 
senting an individual's knowledge of a particular dbmaih. Their theory focuses 
on the extent to which a text is internally "cdhererit" fi.c., explicitly intercbh- 
ncctcd) and on the processes required for a reader to \nfct cbhhectibhs that are 
not explicit in the text. A text is coherent m the Kintsch and vai? Dijk analysis to 
the extent thai each new propostnon (i.e. . actor-actlon-objcct soqiicncc? makes 
explicit ncrcrcncc to prior proposibons: In Fig. 1:4, for example, propositidrts 
1-4 and 5- I i arc ftiily coherent because the actor (subject) in each proposition 
has already been named in a close pnor proposition: tine 5 is not explicitly 
coherent widi its predecessors, however. To understand tne text — thai is. lo 
construct a fully coherent represcntaaon of it — the reader musi infer a linking 
proposition: for example. "The Swazi tnbc had warriors " The number of 
missing propbsitior*s and the distance m the text that must t>c traverscU to find 
explicit iink^ affect nor 6hi\ the processing time for a text but also the short- tenn 
merhbrS demands ii makes. Too rhuch local incoherence can render a text in- 
rbmprchensiHle. but a obiTipictciy explicit text would be unihiercstihg — like a 
primer Opcirnai texts thus require **just the right arhbuht" of ihfeicntiai work by 
the reader — as if there were an implicit cdritract bcnvceh the writer and the 
reader 

The kintsch and van Dijk thcor>' highlights the central role of inference in 
undcrstandmg a text. This is a feature of comprehension chat emerges in virtually 
every cognitive analysis. Texts and oral messages are rarely: if ever: complete in 
spccifymg everything that has to be known to make sense of the situation de- 
scribed fX the argument being made, it is the task of the reader to fiU in the gajK: 
To do this, when one ^ads a icxt_pne builds up in the mind a knowledge structure 
that nts the situabbh in the text . This kixjwlcdge structure is not a direct match to 
the text: it leaves but sbrhe things that the text mentions and adds some things 
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Text: 



The Swazi tribe was at war with a neighboring tribe because of a 
dispute over sc'mc cattle. Among the warriors were two unmarried 
men named Kakra and his younger brother Gum. FLakra was killed in 
a battle. . . 

Propositibnal analysis of text : 

1. The Swazi tribe was at war. 

2. The war was with a neighboring tribe. 

3. The war had a cause. 

4. The cause was a dispute over sortie cattle. 

5; There were warriors: 

6; The warriors were two men; 

7. The men were anmarried: 

8: The men were named Kakra arid ^am. 

9. 3om was the younger brother of Kakra. 

10. Kakra was kiMed. 

11. The iciiling was in a battle. 

Flij. 1.4. A text and ics propositioQS. fAdapied from Kintsch. 1979 ) 



that the text does not mention. What it leaves out is what the reader construes as 
not bcmg important or central to the main argument of the text. What it adds arc 
things that the text has faii«j to specify but which **havc to" be true if the 
situation being rcprssratal is t^ 

The ability to dciec: and use cchtrality to a theme is ah impbrtaht part of the 
inference pTXxrcss. For a given story liiie or line of argument, readers tend id 
agree fjuriy well bri what statisineiits arc iinpbrtant of cistitrai aiid which ones arc 
subordinate, perhaps fiincddiiing only as eiabdrations. Meyer (1975) has used 
this rcguiarity to develop a method for ctxling 'Jic statettients in a passage for 
Oieir relanve centraiity: other less systematic ways of judging centrality have also 
been deveioped. dsmg measures of this kind, it has been possible to show that 
the material most likely to be forgotten or left out of a summary is the matwiai 
lowest in the hierarchy of imponancc. Converse iy, if material high in the hier- 
archy is not specified in the text, pcbpic will have trouble interpreting the text at 
all, will tend to ihscr: missing high-icvei prppbsitiohs in their suminanes. and 
will spend a long tirnc \*stiklyihg** the jxntipn of thc^ssage whcir the high- 
level orgahizihg material is exp<xted to be (Kieras. 1977). Also, when ask»i 
whether a given statemcrit was or was rk>t prescrit ir. tte text, people are likely to 
assert with great confidence that highly ceiitral rnaterial that is cbhsbhaht with the 
gist of the text Svas there — even wheii it was riot, in a scries of studies that further 
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lirik the Kintsch general coherence-plus-inferencc model with schema theories. 
Voss and his colleagues (Chicsi. Spilich, &, Vqss. 1979; Spiiich, Vesondcr, 
Chiesi. & Voss, 1979) have shown that readers' abijit>- lo make inferences 
depends on what they already know about the topic of the text. 

Flej:ibihT\\ Wjnoas studies have shosvn that skilled readers adapt their read- 
mg to iocai fcattires of the text as well as to their own purpose for nKwlihg. For 
example, reading rates ^ slower and there is rnorc chr king bacfe at points in a 
text where ambiguotjs. incorisistcnt. or mcoheroit ia^'ormanon is crKrouritcrcd 
(Kicras, 1977). Eye-movement data demonstrate additjonaJ processing acGvirv- at 
p6in'.s where informacion from important clauses must be integrated and in- 
ferences made (Just & Carpenicr, 198 j ), and on parts of the text that arc relevan*. 
to a particular kind of information the reader is trying to get fixmi a passage 
i Rbthkopf & Billingion, 1979;. Skillwl readers also adjust their reading rates to 
the gcricraJ readability of die text (Bassin & Martin, 1976; Coke. 1976) and to 
the kinds of inibrrhancrti they seek to acquire (McCbnkie, Rayncr, & Wilson, 
1 9^73; SarnUels & DahK 1975). Finally, tfe number and typjcs of inferences made 
depend on the purpose for which a text is read. 

AJthough this flexibility on the part of skilled readers has been frequently 
documented, the processes Undeflyirig it have only reccntiy begun to be studied. 
Thr^ recent research has made it clear that the likelihood of using varied pro- 
cesses under normal reaching conditions must depend on individuals' abilities to 
monitor their own^ comprehension (Brown, 1980), These ''mctacomprchcnsibn*' 
abilities, which arc at least pardy a function of age, ssgji to dcpciuJ critically on 
sensitivity to important relationships among the propositions in a text. Thus. 
flexibiiir> . like inference, depends on prior knowledge of the topic of the text: 



Science and Mathematics 

A growing body of work in the learning and performance of sclent and mathe- 
matics tasks IS poipnng to some general ciiaractenstics of performance in these 
domains that accords well with the emphasis on pnor knowledge, inferences, and 
flexible suatcgies in reading comprehension. In particular, research on science 
and problem solvmg suggests that the knowledge structures of individuals who 
arc highly skilled in a domain arc different in kind fix)m the knowledge structures 
of novices. As a result, experts solve problems in different ways frorn novices, 
ahtf^wc may cohjccrurc^thcy go about learning r^w informaticwi in their db- 
main of expertise differently. At tl^e same tirhe. it is bccomirig clear that even 
very young children invent theories that allow them to cbhstnict prdccdurai and 
predictive rules in simple rriathematics and science dbrxiauxs. 

Sovice-EjperT Differences in Physics, Chi, Fcliovich. and Glaser n98j) 
have shown thai the initial reprcsentaiibn of a problem in morhanics is dtfTcrcni 
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for expert physicists (advanced graduate students) than for novices andcrgrada- 
ate students). When asked to son and classify probiems: the novices did so on the 
basis of the kind of apparatus involved (iever. inclined piane: balance beam; 
etc.). the acraaJ terms used in the problem statement, or the surface characteris- 
tics of the dlagmm presented; Experts, however, classified problems according 
to the underlying physics principle needed to solve them fe:g.: Energy Laws. 
Newton's Second taw): Some typical novice classifications are shown in Fig. 
1:5; the contrasting expert classifications are shown in Fig. 1.6. 

tarkin. McDennoa, Simon, and Simon (1980). in a complementary set of 
studies: have shown that the process of solution is also different for novices and 
experts. The novices seem to directly translate the given information into for* 
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f^G. 1.5. DUjrrams depicted from two of probtemi ciiegbhzed by novv xs a> sifniliir and 
sampics of tf&rc hovicci cxplfiiSijGOfii for their sitrulanry. Prptolemjiumbcri given icprwenichaptcj . 
fdlcrwed by pny)ieTr, number from Hill iaiy and Rcsh icfc. 19'^4. »Frbni Chi ct ai . 1981; Co^nrnghi 
198! by Ablex PuDiiUimg Co^) Repnnied with permission.) 
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Prooiam 12 I23> 



RG; 1:6: Dtignms depicr^ ^ocn pain of pfbbJctm ciiefonzcd by experts is Similar aru^ samoies 
of thitc cxpcm* explanations for tticu siraiLariry. ProbiOT nurnbcr^ gtveri reprcscni chapier , foiiowed 
b\ problem rtumbcr frotr) Hxltiday and Resnick, 1974 (From Oij et a;: 1 98 1: Copyrtght 198! oy 
Abfex Publishing Cbfp. Rcpnnicd wim penrussjoo.) 



muias and then work more or less algebraacaUy on the fonnulas. looldng for 
substitutions and transformations i^at wilj yieid the rcqoirad answer to the prob- 
lem Experts, by contrast, do a fair amount of interpretation that aiiows tJiem to 
rB{TCScht the problems as instances of certain general laws of ^ysics and to 
restructure the relationships bcrwecn elements of the problem. As a result, they 
usually have duly one ot two wjuatibns to write and the problem is virtually 
solved by the tiirw ti:«y figure out what it is about. A general charactenzaiion of 
Larfcin's finding is that the novices behave as if they are doing puzzles in which 
ttic tcrrhs lb be manipulated have little external referencc-^cir protocols look 
very iriuch like those of people solving crvptarithmetic and other puzzle like 
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prdbicms (Ncwcll & Simori. 1972). They are characterized by what has come to 
be called "means-end analysis," in which they work backward from a goal. 
Experts, by contrast, seem to be working forward from the inforrnation given in 
the problem. 

im enre^ Routines arid Kule-Dri vcfi 3efia\ for. Examination of schooi text* 
J*^"^^^ ^" direct way what children actually do when thev 
perform anchmetic tasks. This is rcvcaJed in a strifcirig wa> by ccnsidcration oV 
5imple^singje-digitja±dition and subtitictidri. Textbooks typicaJly ,cach addition 
^_^_PJ^^_^ of counting oat the two named subsets and then rccbuhtihg the 
combined sct^; everyone expects chiJdfcn rather quickly to give up any "kind 
of counting m favor of memorizing the addition "facts." However, expcrirhchts 
have now revcaJed that the^ is^u intermediate period during which children 
continue to solve addition problems by counting — bat not by the method ihitiaiiv 
taught m school. Instead, they use a procedure that seeins to imply an linder- 
st3r^ihg_of commutativiry and that is eiegantiy simpler than the pnxedurc 
taught. This procedure, typical of 6-year-olcls and up, is known as the mm 
ruxlel. because the smaJlcr (minimumj of the two addends is added to the other 
in a countinp^n prtDcedurc. For example, to add 3 ^ 5. the child starts at 5 (cvcri 
though it lb iu.i^.cd sccbhdl and counts on: "5 . . . 6, 7. 8." This procedare has 
been documented in reactibn-timc and interview studies of a numSer of children 
m diffcrcnr countries and of different measured mcntaJ abilities (Groen & Park- 
m^, 1972: Svciison. 1975; SN-cnsbn & Brbquist, 1975). A study by Groen and 
^^'^^^ LI?^^^ shows that the min procedure can be invented by 4- and 5-ycar- 
oid children: 

•^^i'^^^^.^^^'Z^.^^ ^P^^ for sabtractidn. The textbooks dembhstratc either a 
counting-our procedure Jn which the minuend set is established, a specified 
number of object is rcmov^^ and ^e renmindcr counted: or a matching pro- 
cedure in which sets to reprcscnrthe minaend and the subtrahend are cstabU.^hed. 
objects from these sets are paired one-for-one. and ie remaining unmatched 
objects are counted. However, after practice: children do something rather dif^ 
fcrcrit from ci'Jier of :hcse: tr.ey either count down from the minuend or count up 
from the subtrahend, whichever will take the fewest coums Thus for 9 - 2 they 
say. '9 . . . 8. 7. ' but for 9 - 7^ they say^: ? , . . 8. 9" (Svenson & Heden- 
borg: 19-79: Woods, Resriick. & Grbch, 1975). Children who invent these pi^ 
they uriderstahd the cdmihdtativity principle of addition and 
die complemcn^ty of addition and sisbtracribn. Hbwever, it is nor vet clear how 
explicit such understanding acruaily is \tf. Resriick. in ^'"'). 

These inventions by children jot no doabt heartcriiri .jr those whb wouid 
apply a constructivist theor>' of learning and developtncr. . id cdUcatibri by leaving 
children free to explore and discover within only loosely defined boundaries. But 
the presence of inventions tells only part of the story, for not all irivcritibris are 
mathematically successful. Sevcnii Invcsugators (Brown & Bunon, 1978, 
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Ginsburg. j977: L^kfort. 19 shown that children "s errors on slightly 

more cornplcx anthmctic tasks (c^g.. maiiidigit written subtraction) arc actiiaJly 
r>ysicmaiic applications of be procaiure. rather than random 

faijurcs to recall the appropriate "facts./* Tncse wrong procedures are vanarts of 
the correct ones: they aoic ai^ogoaj to Cdrnputcf aJgbrithms with * 'bugs'* in 
them and have thus been chnstencd '/buggy aJgdnthms.** A fihiie numW of 
bugs, which in various combinations make up scvcfaJ dozen buggy- aJgorithms. 
have been idcntifioi for subiraco on— which is the most often studied arithmetic 
domain so far. The chiidren who ctisplay these baggy aJgorithms arc systemat- 
ically applying mies that no one could have taught them (for rib one would, 
deliberately teach a wrong rule). Buggy- algorithms are thus clear examples of 
iiivcritions thai, air unsuccessful. 

Despite their failure as rules of calculation^ bug^- ^gorithms dcrnoristrate ah 
miportant characteristic cj human learning and performance: Close ariaiysis of 
ctic various Mhcorrea algonihms liiat have been observed among chlJdrcri 'makes 
^_ ™>sE of them arc rather sensible and ofien quite smail departures 

fnjm the cortecr algbrithih. As the C3tampics in Fig. 1.7 reveal, they tend to 
•/look right " and tb bbey a large number of the important rules for written 
calc^ation; The digit structure is n^poned. there is only a single digit per 
column, all the columns are filled, and so forth, in the sense of being an ordcriy 
rc^onabie response to a riew siruatidh. the bugg>- aJgorithiri joolcs quite 
sensible. 

To illustrate Sis poim. consider the third bug shown in Fig. 1.7. The written 
response Jooks inorc or less corrort and fbllbws nibsi of the rules for written 
subtraction, such ^operating on each columh brily btice. having only a single 
digif m each colurnn, and showing a borrow digit with a crosscd^t iid decre- 
mented digit. The syntax of die procedure is more or less correri. Yet the 
algorithm violates some fund^ncntaJ_ rxrabiernaticai constrairits. In particular, it 
behaves as if its inventor docs not understand that the borrow digit adds linits via 
an exchahee with another column, and that the exchange mus: maintairi equiv- 
alcrice of the overall quantity. Thisjcnow ledge, if applied^ would not pennit what 
this particular buggy algorithm docs: It "borrows" lOQ but ''returns" oniv 10. 
Ocher bugs. too. have the character of respecting much of the syntax of wrincn 
anthmeiic but Vioiating the **scmantics*"-HDr undcriving meaning CResnick. 
1982): . D 6 

^'"^^J_^__^_"^P^^^^ sensible, rule^ven character of **wrong*' re- 

sponses appear in Sieglcr's (1978) wbric bri the balance beam and otlTer simaiar 

1" J^J^^^^^_ rtutrtbcrs bf weights can_ be hung at various 

distances fi^m the fajcrum: the child must predict which, if cither, side will eo 
down. Chiidren do not cornpleDciy solve this prbbicrtj successftilly uhii] adofe- 
ccrke. Sicgjer showed, bow^vcr^ tiat at each of several preceding stages chil- 
dren actually follow algoridimic rules fc^ deciding which side bf the balajice will 
go down. The rules that arc followed become successively richer, hot bhiy in the 
amburii bf ihforniation that children call on but in the extent to which they are 
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1. Smaljer^FroiThLarger,__^^^^ ihe smaller digit in a column from the 
larger'digit regardless of which one is on top. 

326 542 

- t 17 -359 

- 2 2j5^7 

2 . B orr q w ■ F ro m • Ze ro . VV h en bq r ro yv i ng f r orri acq I u rri n yy h pse top djgj I j s 0 , Jh e st u den t 
writes 9 but does not continue borrowing from the coiumR to the left of the 0. 

-4 37_ -396 
y^r jrq(t? 

3. Borrow Across-Zero. When the Student newls to borrow from a column whose top 
digit IS 0. he skips that column and bbrTows frbrri the next one. {Note;thisbug must 
be combined with either bugEL br bug 6:) ^ . _ 

'JS 0,2 ^ 0,4 
3^2j - 4 5 6 

^siS' joy 

A. Stops-Bdrrow-At Zero! The student fails to decrement 0, although He adds 10 cor- 
rectly to the _iop__di9it of the active column. (Note: This bug must be combined with 
either bug 5 or bug 6.) 

7 0,3 6 0,4 

- 6 2 8 - 3 8 7 

_ .. _/_7.,r . _ . _3 07 . .. 

5- P. _-_ _N = N. Whenever there is 0 on top, the digit on the bottom is written as the 
answer. 

7 0 9 6 0 0 8 
-35 2_ -327 

.. ^7"." 

6. 0 - N = 0. Whenever there is 0 on top. 0 is written as the answer. 

8 0 4 3 0 5 0 

-4 ea_ -62 1 

- ... .V<3i _^-3_3_0 _ 

7. N — 0 = 0. Whenever there is 0 Qn the bottom, 0 is writteq.as the answer. 

9 7 6 8^6 

- 3 0 2_ - 40 9 
.6dD^ ^07 . . . 

8- Po^n't-pecrement-Z^ When bo[rqvying from a column in which .the t^p digjt j.s Q, 
the student rewrites the 0 as 10, but does not change the 10 lo 9 when incrementing 

the active column. t - - 

^ 0,2 1^,0,5 

- 3 68 T 9 

//O^ 

9. Zero-inStead-Of'Borrow. the student writes 0 as the answer in any column in which 
the bottom digit is larger thari the top. . _ .. 

3 26 5 4 2 

^ - 3 8^ 

- - - ^/o- ^oo 

10! Borrdw-JFrom-Bottorri-jiistead-Of-Zerb^ If the top digit in the cdlumh being borrowed 
(tPJTl Js.Q^ .the_sludcnt_borj'QVVS_frOfTi the bottom digit instead. (NoterThisbug must 5c 
combined with either bug 5 or bug 6.) 

7^,2 5 0,8 



RG: 1:7. Sanipin of Brown and Biir^ 

(Ad^xed frora Resnick. i982. Copynght 1982 by Lawrence Eriboum Associates. Reprinted by 

pattwioa.) 



able to coordinate that information, Tbe eariy niies consider etcher weight or 
distance aione; the child s^xhs to be unable u> consider bbdi at ooce. Subse- 
quently, weight and distance are combined; but, at first, hoc in an accurate 
(XHhputaddh of torque on the balance beam. Nevertiieiess. the rules are systehiat- 
Ic and produce predictable pacterns of rtspdhses. Here. too. is evidence for the 
pfiociplcd character even of errors. 

The preceding sketch of the ^atiis of cognitive task analysis provides convinc- 
ing evidence that one part of the agenda of building a cognitive theory of 
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instruction is well under way. Analyses of the Bnd thai have been described arc 
capable of providing rigorous and forma! staierncnts of instractional objectives 
concerned with meaning and understanding and their relation to performance 
skills. We no longer have to accept the choice bctW«n the rigor of bchaviond 
objectives and our de5ire for cxplici: rw:ogniiion of cognitive structures and 
thought. Wc arc n>byihg closer to being able to make useful specifications of 
cogninve dbjKtivcs for instruction (cf. Grwno. 1976). 



When wr movd to a consideration of the (^Hxr parts of tbejhstructibhaj thcdf>: 
agenda, however, wc art on less wcll-^viclcrped ground. The reerriergence of 
cognition in American psychology was acxoittpanicd by a Joss of interest ih 
lianung and acquisition processes. Until very recently, cognitive psychblbgists 
have bGsn focusing almost exclusively on the isstw of cognitive pcrfdrtiumcc 
while ignoring the issue of how tb«c pCTformances afc acquirtsl. Ifl contia^, 
tbc older ieaming theories—those represented by Thorndike and Skinner, for 
example — were deeply interested in transitions: Their theories wtrt iargch* 
intended to accoanr for changes in performance as a result of certain kinds of 
experiences in xhc environment. 

Although work toward cognitive theories of acquisition is reiativejy recent, 
soch work is now recognized by many cognitive scientists as a major agenda for 
the field (s^, e.g., Andersba, 19SI). Ftmfaer, the res^rtrh on cognitive task 
axxalysis— ^mc of which I have revicw«l hm — points both lb the standards of 
rigor to be expected ih eventual cbghitivc learning thrones and ro some of the 
broad characteristics thai itis:sc theories arc lifcciy to have, i consider some of 
diese characteristics in the following section. 

Constructivism 

Even a ctirsorv cbhsideratibn of the emerging findings from cognitive task analy- 
ses makes it clear that our new *>TOncs of icquisitibii will have to lake account of 
the important role of menial con^'njctions and inierptetaiioris by the iearncf. The 
OTiffal role of infereoce in text understanding, the evictence for inventions of 
mathematical procedures, and the charaaenzaaon of expert problem solvers as 
badividuals who reformulate problems before beginning to work on dxrm ail 
point toward the active role fi^ the learner himself piays in acquiring nr* 
knowledge. For those who have been committ^ to cognitive interpretations of 
dcveiopmeht, this emphasis bh active constructlbn of knowiedge by the learner is 
DOC . It has b^ a cehcraJ ti^me in Piaget*s work and th^Try: for dc^dci and 
has been rnuch emphasized in many of the rnbst sensitive and ihfluehtial explpri- 
ooos of the implicatiohs of Piaget's work for education (Ehickwbrtb, 1979: 
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Forth, 1970; Ginsburg & Oppcr, 1969; Kamii & DeVrics, 1977): Yet, curibusl; 
[his c-ntral theme has been linJc ciaboraied even within cognitive development 
theory. As noted earlier, Piagct's theory of conslrjctjon of new schemes v 
assirhiJatidn arid accommcHiatioh provides only a skcicton of a theory- of acquis 
tibh- If has nbt been fleshed out, nor Sas it bccr. dcvcioped for any particuli 
dbmairi bf knowledge to a degree sufTicici.^ to provide a useful example of ho^ 
the processes might actually work in the course of cognitive conscrtiction; 

^^^[^^^. ^<^^^srrucnons on JJmited Data. A central feature of the construe 
'^^^^ ^^^^.^^^^^^"^ acquisition is that they opcraic without complete infoiTnj 
^'^^^S the evidence is in, people seem to work t 

on the basis of the irifbrmitidn they have. The researc 
^^^"^^^ dcvcIbprncntai>K^ucnccs, arid on infcrenc 
in text comprehension all point to ^e fact that people seek sensible solutions ani 
cxpianatjons within the limits of their knowledge. 

A close consideration of buggy miimctic algorithms arid their bngiri high 
lights diis point. Brown and VantehnH 982) have developed a fbrrriai theory, ii 
the form of acbmpuicr simulation, of the origin of bugs in arithmetic. Accbrdirij 
to their "repair" theory, buggy aigorithms arise when ar arithmetic probicrri i; 
encountered for which the chiici's current aJgorithrm are incomplete or iriap 
propriaie. The child, trying to respond, eventually reaches an impasse, a sicua 
Ubri for which no action is available. At this point, the child calls on a list o 
;'repairs";^^tibris to try when the standard action cannot be used. The repaii 
list includes strategies such as performirig the ^tk>n ih a different coiarrm 
skipping the action, swapping top and bbctbm nuinbcrs in a column, ind sub- 
stitutiiig an opcratibri (such as iricienicritirig for decrementing). The outcome 
^^^^^ thrt5Ugh this repair prt)cess is then checked by a set of "critics" thai 
inspect me resoiring solution for cbnfbfmiry tb sbrrie bksic criteria, such as nc 
^n^pty col^umns; only one digit per cbiumri in the answer, brily bbc decrement pci 
column, and the like: 

Together, thcjrpm aid cridc lists constitute the key elements in a "gerierate 
and test'' probiem-solving^roannc^Ttos is rhc sjutw Idnd of "intelli ^erit" prbb^ 
lem solving that characterizes many succcssftd performances in other domains 
(cf. Simon, 1976, pp. 65-98). With buggy aigorithms, the Stable s«ms to lie 
ricK in the reasoning processes but in the inadequate data bas<; applied: inspe^rtion 
of the repair aha critic lists makes it clear that the generation and the test rules in 
this particular sysierri can all be viewed as "synractic." That is, they all concern 
L^^^^c smicture of ;he procedure and do rk>f ne^ttsarily reflecr what we can 

J**^ "semantics** of si:btra::iiori (Rcsmck, 1982). 
_^^f^_ *^^*y in *^ct, a detailed theory bf actquisiticm for a small dbrnain of 
^widmctic. its brdadcf implicaddris for cognitive theories bf acquiiition is that 
these chwies most recogiiizc people's tcridcricy tb bfgariize aiki sihictirre what- 
c%'er information they have--cven though the irifbltriatibri rnay be grossly in- 
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cOTiplctc or downright inaccorstc: They^o not simply acquiit infbntiatibn pas- 
sively until there is enough of "correct' roles and cxplanatidns to emerge. 
This tendency to cohsinict ordered cxplstnadcns and routines even in the absence 
of adequate information can account at least partly for another phenomenon. 
c*scTv^ thus far tnainJy in science learning: robasi beliefs thai are resistant to 
change even whdi instruction lahd thus better information) doe^ come along. We 
will consider this phenomenon again, ih the context of coherence and integraticMi 
in learning. 

Coherence In Learning: The Integratldn of Old arid 
faew Khowjedge 

A$ we have seen, research on reading cpniprchchsion makes it clear rhm Sc job 
of the reader is to connect hew ihrorrriatibn in a text to the bid, and it shows how 
cxTmprebcnsion faJtcrs when tfesc "giverHncw" (cf. Clark & Haviiand. 1977} 
liiis are difficult to establish. An extexisibh of these notions of coherence- 
tmSding suggests that we viev. tfie aciquisitibn of ticw capabiliii« as a process of 
biddtng appropnatc links between kiwwlcdge already held and i»w knowledge. 
^^^J*^^."*^^?* ^ ^^'^ cbhctcticc in learning sounds deceptively simple. The 
^^^^L^.^*^.^^^^?^^^ notion of building ticw fwrfonnahces but of the compo- 
nents o^ old ones: stated most elegantly in Gagrsf's (1962) theory of prcTpquisiics 
and cumuiadvcjcarning: appears td^ its role almost cbmpletely. It might 

s^i^ thai all that [5 needed to cjciend the coherence jwrinciple to a cognitive 
thcc^yof acquisition arc ^ dctafled msk a^yses that would allow us to sjwcify 
the tnonial smjctures that are to be extended aa die next stage of learning. Even 
Ibis would be no small task, but there js evidence tot the probletn of cohcrehcc 
will prove even more complicated than cumulative learning th<sjry would 
suggest. 

A growing body of evidence, mostly collected in studies of science learning, 
is tK)w showing how prior knowledge can acruaily interfere with new learning. A 
recwterit finding in studies of physics instruction is tha: people Sing with them 
R> ±t study of physics a qUue jpbwerful set of beliefs about how the physical 
wrorid wortcs These beliefs arc robust and resistant t6_the hew data and theorcti- 
^^J'^"^^?^^^ ^ taught in physics courses (Champagr^c, Gunstor^, & 
I^opfer, in press; Seiman. Krupa, Stone. & Jaquetic. in ptess; Vicnhot, 1979). 

_ P^^P^^ construct explanations of various pbe- 

ixjinenarfiai accord qujtt well with their p»rcciv«l experiences. The difficulty is 
thai these beliefs do 'kji match well witti the Newtonian prihcipies taught ih 
pjSysia courses, yet they fflc not always abandoned as the result of instructibh ih 
Newtonian physics. Some students can perform adequately on the textbook 
prbbicrhs in a higl) school or college physics course* yet when given practical 
problems that arc hot easily recognized ay applicatidns of the textbook for- 
iTiulas^^rbblems that force ttiem to construct tfaSr own jepf^cniation of the 
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situation— tbcy will revert to the cbricepiidris they had before the course began. 
These students show evidence of having well-ihtegratcd knowledge struaures 
char will have ib be given up or altensd ntdicallv bcfdir they can acquire Newt<> 
hian_-oi^cp^ions at a level beyond rriechariical equation solving. 

These findings force us to broaden our thinking abdur the relations between 
established and new Icnbwicdgc in the course of acquisition We mixsi think not 
only abdiit the cumulation and linking of knowledge structures, but also about 
vihat kind of confronmrion bc:'*een old conceptions and new ones may be 
needed for the new to take hold; If schenra theories of discourse comprehension 
arid the pcrformarices of expert physicists point toward the positive role that prior 
knowledge can play in performance and learning; these studies of difficulties in 
physics teaching reveal its negauve role: This is a far more subtie role for 
"entering capabilities" than was allowed in the Gagnc analyses of prerequisites. 
Now that the phenomenon has been demonstrated, the task ahead is to analyze it. 
How-, precisciy. do aiready held schemata drive attention away from competing 
interpretations? Is the process simply preemptive, or is there a .TO)rc corhplex 
relationship bctw^n the two schema systems to be ixhcpvcred? And what hapK 
pens to old schemata as r^w ones take over? Arc they sinaply "left behind** or 
arc they incorporated into _a hew framework? As answers to cjuestibhs like these 
begin to take shape, we will have a theory of acquisidbh capable bf rhbre directly 
guiding instructibh in these corhplex subject matters. 

The Nature of Theory Change: Insight Versus 
Incremental Change 

The prccttllng discussion suggests tfaaa it inay be oscfa^ ^9_V^^_ ^^l?'^^^^ 
qQisition as a presccss of knowledge restructuring: a definition that immediate] y 
brings to mind both 6estalt and Piagerian theory'. These structuralist cJieones 
both stressed the role of invention and insight in the process of such restructur- 
ing. The nodon tSai insight, presumably resuitihg in an immediate restrucrurihc 
of knowledge, is characteristic of learning contrasts sharply with tradiabnal 
theories of learrting in which acquisition is described as a graduai and ihcnrmch- 
tal procws — a fuhctiort of extended practice. Debates among learning theorists 
cbncerhing ihcremcniai versus "alj-or-ribhc" IcaiTiihg bf sirriple di&crimihatibns 
can. in fact, be viewed as one of the imjjbrtaht pred/ecessbrs bf the cbgnitive 
ncvblutibh in cxpcrixTjchtaJ psychblogy. Given this hisibry. it is not surprising 
thai there has been a general tendency to equate cbgnitive theories bf hufnaii 
behavior with insight^^rientcd theories of acquisition In fact, a cognitive view of 
cducatibn has up to no* almost always carried the implication tat Iteming does 
not procwrd in srnboth steps, but instead is_marked by occ^ionad moments of 
insight resulting in immediate qualitative differences in the nature of thinking: 
It IS no longer so likely, however: that cognitive thconcs of acquisition will 
emphasize momentary insightful restroctunngs nither than the gradual acquisition 
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6\ new uhdcrstandihg. A number of cognitive scientists arc now turning their 
aitcntion lb the question of acquisiuon. A recent edited voiome f Anderson, 1981) 
provides an excellent overview of the direction that one major class of these 
thebrie^^the bhes cbmmiticd to formaiizauon through computer simolation — is 
tak.r-.c. Work of this kind b\ Ncchcs ( 1981 ) is dircaly relevant to the examples of 
tast: analysis prrserited earlier in this chapter and illustrates well the power of 
Inert mental theories , Neches has_consiTvcial a computer prograin thai invents the 
mm model of mental additibh. That is, it begins with a procedure for addition in 
which both addends arc cbuhted in the order prrschtcd; but after a pjcnod of 
praaice on addition problems, it performs by_^'hamihc" the larger addend and 
dicn coaming up by the amount of the smaller. The conversion is accomplished by 
"^^.^^.^j^."^.^ pcrtontiahcc efficiency by eliminating redundant 

responses that art made while weakening potentially 
'^^^^f^.^^".^. _^_^P^"_^^_- "Hie prDgram is scif-tnbdifyihg. aJJ trans format ions of 
know ledge are it^own^ it makes a major traiisfofmatibn in its prbccdurc. yet there 
IS no smgle momcm^ of insight Indeed, ix is not cJcar thai the system heeds to 
* "understand" commutacivity in order to behave in accord with it. 

The Neches program: like other self-modifying systems, prdvidcs a plausible 
account of how acquisition might proceed: But the account is only that plausi- 
ble, but b> no means proven. One difficult}^ with this line of work is that up to 
now ii has proceeded with only a limited amoani of data on the actua: human 
processes that arc being modeled. Typically, as with Neches: there exists strong 
evidence for a panicular mitiaJ performance and a fmai one. However, there is 
usually rib bbscp-ation of the acquisition process itself. As a resujt. the thconst is 
free to build a scif-mbdifyihg system without the requirement that any parncuiar 
features of the acquisition sequence itself be matched. Intriguing as the curreni 
sclf-modlfyirig prograrris arc. tiicri, we mus! withhold acceptance of them as 
actual descriptions of cbgriitive activirv until they can be more fully constrained 
by obscrsations of human Icamirig. 

musi not, howivcr. assume that as a rnbre substanbaied theory of acquisi- 
ciofT IS developed it will ncccssanJy support irisight as bppbsed to iricrcm^ntaJ 
accounts of acqaiS'tpn: Over the past 3 years my colleagues arid i riave spent 
several hundred hours studying protocols taken on a small number bf chiidrcn as 
thcv were taught subtraction_usmg a^tnethod intended to induce uridcrstaridirig bf 
the meaning of the various scratch marks and manipulaiions invoivai in subtrac- 
tjbn with borrowing. This mstructjon emphasizes the analog)' between two dif- 
ferent representations of subtraction — one. the symbols used in standard svnacn 
rKicatibn and the other, a concrete nepresentatjon using blocks designed to high- 
light (he quantitative meaning of place value. The child is required to make 
altcrhatirig moves iri the rwb represcntatiohs . in order to biuld a mcntaj mapping 
bcrwecri operations iri each. This procedure helps the child to apply tos or her 
understanding bf the blocks acbori to the writing. The pnoccdurc is sumrnarizcd 
in Fig. 1.8. 
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Proi 


>iim; 300 - 139 Blocks Aaion or Writing Action 
^CyO 1. Displays l'rg«r numb«r in biocki. 

-./57 - - 




1 ^fl 

J. 


1 n ^iOO 3. Tradts t hundred block for tO tins biocks. 
" / 3^ 4. Notitn th« trad*. 






"1 n ° 

J U a - 

" " □ — j^^j^O ^' ' Wock for id units blocks. 
°D / S f 6. Ndutei the tfidB; 

in ° 


□d: 


_ _ ^ ^j^^i^ ^'^ ••^ denomination rtmowj the number of 
y ^ ^ Wock« ipectfied in the Botrorh number 

. « / ' ^' '"'^ column noutes the number remaining. 



^ J • 3. I hsffuct ibhii prbcedmr fdr raappt h g b locScs action to w ni m | ^ tcachi n g su brrac : r * ^ i rh 
borrowing. iFrom Resnick. 1982. Copynghi 1982 by Lawrenct Erlbaum Associates. Rcpnntcd by 

We have paid special attention to the case of one child. Moliy. who quite 
clearly experienced a moment of insight in the course of this instruction: She told 
us so by herexclamarion. "Oh. neat! Now i get it/' at Step 2 (Fig, !.8>. and an 
accompanying change in the pace and rhythm of her working through the remain- 
ing steps. Recently, impelled by the need to begin serious work on a theory of 
acquisition for this domain of mathematics understanding, we have begun to 
reexamine this child's prbtocol. There is no doubt that MoWy felt_ that she had 
lindcruddd something new at the morrwht of her exclamation. But oh cic»cr 
examihaiidh it is not at all clear what it was that she really **g6t. ** She certainly 
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know the correct algorithm lo use. nor did she automatically 
and quickly generate comst descriptidhs of the bperatiohs she was doing. In 
fact, it took a dclay^of severe w«iks and another hour or so of probing for Molly 
to generate an explanaoon of writien subtraction thai cbriviric^ us that she 
understood :hc_ wnncn subtraction algorithm •workodl,'* There was. in 
other words, no immediate rcscracturing of knowledge at Molly's mdmeht of felt 
insight. 

Yet something clearly happened ai that rnoment. What? Oiir best currrht 
interpretation is that at the moment of insight, Molly lorncsi where to ibbk for 
expianatibns, That Is. she learned that fie blocks and the wrtting arc anaJdgbus 
ami thus, perhaps, the schemata she had for blocks might also apply to writirig. 
This insight allbw^j her to xhspocx the two routines and to apply her understand- 
ing of brie tb the other— ^ pnocess. however, that was to take considerable time 
beyond the actual moment of insight. 

The stbry of Mblly's insight is, for the morhcnt, more a conjecture than a 
theory. I offer it ribw despite its very tentative status, to make two points: First, 
the feeling of having ah insight docs hot n«;:essaril> mean fiat a complete 
restnicruring of kribwledgc has taken place; it rnay only inark a moment in which 
some cloe as to how to go about the ph>^s of restructuring becomes a^aient: 

^^^y Molly highlights the kind of detailed ol»crvatiorK freed 

^^^^°"^_P^'^"^_^^^^^"S*^ imrhcdiatc mcriiaJ rcsGncruririg as the founda- 
— ^ going to n«cd as we build a cognitive theory of 

acquisition. 
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We come rinally to^the question of intervention. If the route has beeri long, I 
think it has not been unnecessarily cinroitoas: For to propose principles of 
intervention in the absence of a strong theory of acqoisition is to operate in the 
kind of thcorcticaj. vacuum tiiat can only produce an endless series of empirical 
expcrimenL^ oh different instructional methods, with no basis for interpretation. 

It shbuld ribt be surprising that with a cognitive theory of acquisiuon only 
beginning tb emerge, we can hardly point to a vigorous co^irive ieory of 
inicTventidri at this time. Nevertheless, the developments outlined in 5c coar^ 
of ^is chapter surely suggest the kind of instructional theory that we can expect 
^^^/^•_^P^^^^*y- ^ JuxrUmuiaied body of cbg^^^ task analysis and the 
eateiging work on cognitive theories of acquisition cicariy signal the n^ for a 
consrrucTivijj i^eory qf instruction. It tx)w seems absolutely certain thai our task 
is b devejop a theory of interv^^^^^ that places the Iciriier's active mcnaJ 
construction at the veiy hean of the instructional exchange. Iristnictibh cannot 
simpiy put knowledge^and sidll into people's heads. Instep, effective ihsthictibo 
must aim to place learners in simations where the constrxtctibiSs that thcv haiu- 
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mJiy and inevitably make as they try to make sense of their worids are correct as 
well as sensible ones: 

A CDnstraciivist theory of instraciion need not avoid prescriptions for inter- 
vention; nor need it specify only a verv genera] environmental aarrangement: as in 
some of the Piaeetian proposais for designing schoois and classrooms: Instead: a 
constructivist intervention theory must address ail the traditional concerns of 
instruaional design: how to present new informaiion to students, what kinds of 
responses to demand from students, how to sequence and schedule learning 
episodes, and what kinds of fe^back to provide at what points in the learning 
sequence. These traditiohaJ inscnicciohaJ cdnccrhs take oh new substance and 
dircctibn when approached from a cphstniciivist perspective. Although the enter- 
prise of building a constructivist instmcubhaJ theory lias barely begun, it is 
possible to sketch some of the questions that will heed to be addressed as work 
proceeds. I do this in the concluding pages of this chapter. 

Instructional Representations 

One of the central questions for my theory of insmictionaJ intervention concerns 
the form in which information is best conveyed to the learaer. In trBdiiionai 
insmictional ^ign it was tacitly assumed that a lask^adysis that specified the 
performance or knowledge of skilted people in a domain would aatomaacally 
yield not only "objectives" for instniction in that domain bat an outline of the 
fonm in which information shoaid be presented to learners. Implicit in this 
assumption was the notion that instruction should communicate as directly as 
possible the "mature" or ''expert's" form of a concept or skill. Research of the 
kind disais.scd in this chapter, however, makes it clear that this assumpiibh does 
hot adequately recognize the work of the icarhcr in consrnicnng the mature form 
of know ledge. Novice -expert, con tiastive studies have shown that xhc rhehtai 
reprcsehtatidhs o/ beginners differ qualitatively from those of people more expe- 
rienced in a domain of kriowledgis. Furtherrriort, thicrc arc hiiits that .novices ttiay 
not be able to assirhilatc or use the categories and representations of experts whcri 
these are directly prcschtcd: yet we know that extensive practice allows people 
who begin as novices to discover the representations and skilifui pcrfofrnanccs of 
experts: U this is so, then the task of the instructor is not to search for ways of 
presenting informarion that directly match the thought or performance patterns of 
experts. Rather, it is to find instructional representations that allow learners to 
gradually construa those expert representations for Semselvcs. 

Until quite recently, the question of representations for instruction has been 
the almost exclusive concern of curncuJum developers and pedagogical subject- 
matter sjwrialists. Mathematics ttlucatdrs, for example, have devclbpwj an ex- 
tensive repertoire of concrete and pictorial reprcschtatiohs of rhathcmaticaJ con- 
cepts (Rcshick & Ford, 1981, chap. S). Only recently have psychologists begun 
to analyze these materials and their function in the learning princess. In ah earlier 
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paper (Resnick, 1976), 1 sDggcsied thai mstractiormJ rcprcscmations mus*: U) 
ncprrscni the concept or idea to be acquired in a vcridicai: if simplified way, (2) 
be "transparent" to the learner (i.e., represent rciatjonshins in an casii> ap- 
prehended lorm or decompcw>c Procedures into manageable units): (3) map well 
onto cxpcn modes of undcrstanciing and skiil. As an exampie. Dienes blocks (of 
the kjrid displayed in Fig._1.8j seem to meet these requirements nicei\ for the 
principles of place value. TTicy represent the relations aihohg numbei3 that arc 
embedded in place value notation, and they arc in a form that is easy for children 
to recognize and mariipuiate. The ten-rorK)nc rclaubnship bet^y^D adjacent de- 
nominations is visible and physically verifiable by supcrimpbsition or alignment 
of tbc blocks, and exchanges between denomihatidns can be made in a way that 
par^kls the steps in caJcuiatidh algbrithms. Ir another dbrhaih of learning. 
^.^"^^' J 1 980*1 has been analyzing the roie of analogies in learning and teaching 
scientific concepts Research on instnictibrial rcprcschtaiiohs in a vaneiy of 
sabicc: maners sboQid evcnnialiy lead to a gehcralizable theory of reprcserita- 
Dons for teaching that is cafsble of guiding instnictidhal design effdrts. Such a 
:hcor> wiH need to t^c exphci: account of how Icansers interpret rcprcschtaiidhs 
and Jk>w they buiid mental representations and proc«lures from the instnictidhal 
matcnaJs thai are presented: 

Ihterventions That Take Account of Previous 
knowledge 

As I have noted earlier, the theme of baiiding on past learning is an old one in 
mstructional psychology. In behavioral theones, it has generally been assumed 
tha- previous knowledge, when present, facilitated subsequent learning. Thai is, 
hcvr capabilities were to be built of the components of older ones, and knowledge 
and skill wduld thus curhulatc hicrartrhically. As we have seen, bowcvcr. pnor 
knowledge can also inieriere with acquiring new concepts. This means that 
msLnjctidrLii methods arc heeded that explicitly take this intcncrencc into ac- 
cotiii:. A thcdry of intcrventidh quite different from the one derived frbm 
cumuiaDve ieanting tricdry- will be needed td guide instructidh of this kind. As a 
pcmt of depanurc. the Piagctian nbtiori that cdghitivc growth bccur^ as the result 
of comlic: between compcung schemes might be elaborated in the cdhtext of 
itBiruciionai sobjccf mancrs and perhaps linked more explicitly to schcrriaHdriveh 
theones of comprehension and acquisition: This could provide dric basis fdr 
intervention studies that_xxplore different approaches to relating new Icartiirig to 
old NSliai IS best: ignonng prioMncompatibic conceptions and helping students 
constxucT strong new ones» or directly confronting the conflicts bersveen the old 
and the cew conceptions':* These kinds of questions have rarely been raised in the 
context of ihsmjctibn. except by pcqple exploring the educational implications of 
Piagct (e.g.. Duckworth. 1979). They will surely have to be addressed in the 
cditsinictivist ihsffuctidnal thcorv of the future. 
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A New Theory of Practice in Learning 

The time is also ripe for a new look at an old iristructidriaJ qucstibri: the role of 
practice in learning. It is interesting to contrast our current vievv^ of practice with 
(hose of Thomdtike; For Thomdike: the role of practice was straightforward and 
self-evident; it ^ stamped in" correct associations through reward. The assump- 
tion, mamtaincd in sabswjuent associationisi and bchaviorisi instructional theo- 
ries: was that competencies did not change in any fundamental qualitative way as 
a result of pracace; chcy merely became stronger faster and more reliable; The 
evidence from recent cognitive research is that practice also provides the occa- 
sion for productive cognitive inventions and that skiii and understanding may 
undergo quaJiiaiive changes in the course of practice. This. 1 bciievc, forces a 
reconsideration of the role of practice in learning. Why docs practice sometimes 
lead to pnxluctivc irivcntiohs. arid sbrrictirrics to the kind of rigid, "distorxcd" 
thought deplored by Wcrthcimcr? A recent paper by .Anderson, Grccno, Kline, 
arid Neves J198 I) suggests that the same mechanisms that account for the ac- 
quisitidh of skill in ciDhsmictihg high school gebmetrv- pnx>fs may also explain 
phchdrncha such as set and fuhctibnal fixedness. We do riot know how general 
sUch a trade-off* between the benefits of smooth arid skillful pcrfonriarice arid 
the disadvaritagcs of rigid pcrfofinaricc scqucriccs may be. Aridcrsori's theory 
accounts nicely for data on the. developing abilities of a gfdUp of high school 
students in a tradicionai geometry course in which dally practice in proving 
theorems of a fairly staxidafd type is provided: However, this does not mean that 
forms of insiracrion and* practice might not be devised that would foster skill 
acquisition without promoting set or functional fixedness. 

If f>racticc is to provide the occasion — and pcrbaps the motivation— for the 
invention and testing of new procedures, then the traditional distinction between 
skill acquisition and understanding may need to be substantiaily modified. Prac* 
ticc. leading to skillful performance, may turn our to be necessary to the develop- 
ment of deep understanding, at least in certain dbriiains of lcamirig_. Piagct's 
msistcricc on reflexive abstraction arid his dcmoristratibn that succcssftij pcrrpr- 
marice often precedes undcrstaridirig of certain phcnomeria iPia^et. 1974/1978) 
suggest such a possibility', as do our own dcriibrisiratibris bf procedural iri- 
vcritibris by chiidrcri (Grocn & Resnicfc. 1977). SiireJy the kinds of practice 
affonded by irisiructidn and the ways in which procedural practice is interspersed 
wirfi Invitatidris to reflect arid construct cxplanadons will iritluence the develop- 
ment of understanding. Here. then, is another set of quesdons about pracdcc that 
a consiructivist theory of inusrvendon will have to address: 

Assessing Understanding: the binks Between 
Knowledge and Performance 

Assessment of students* entering capabilities and of the results of their learning 
efforts is an inicgrai part of an inscructionaj intervention. A cognitive theory of 
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micrvcnubh must therefore include principles for asscssrncnr thai arc capable of 
revciiihg a learner's state of knowledge. Alibbugh the need for diagnostic as- 
sessrncht has long been recognized by ihstructidnal and tesr theorists (Glascr. 
1981: Grtehd, this volume) existing teits fall far shbn of permitting strong 
iiifcrtnccs about the cognitive state of learners Traditional achievement tests arc 
dcsigticd more lo facilitate cbfnparisbhs bctvvech j>tbplc than to pcmiit strong 
descnpiions of individual cdmpcichcc. Meanwhile, cbritchi-rcfcrcnced tests 
(Glascr. 19^3). which aff intended to reveal dircctJs the learner's capabilities, 
lx± any p>nncipled basis for linking obscrvaiions of pcrforrnancc to infcfchccs 
about cognitive competence: This is hardly sarprising when one considci"s the 
behavioral roots of the content-referenced testing movement. According to strict 
behavioral theones: a person's corapeicncc is nothing more than the sans of thai 
person's performances; Tliere was thus no reason to try to develop a method for 
iiucmng undcriying knowicdge from the observed performances: 

A cognitive theory of instruction, by contrast, requires exactly such a method: 
By focusing on the knowledge to be inferred, rather than on the performances per 
sc. the objectives of instruction arc likely to change — in direaions that promote 
Dransfcr and furtl^r learning (cf Greehp. 1976. this volume). Principled bases 
for inferring thai loibwlcdgc frt)m performance must therefore be dcvciopcd. 
Cognitive psychbibgists regularly rnakc such infcrcnccs_in their labbraibrics. But 
[he effort is asualK intensely ihdividuaJ and ad hoc: Tlic«c inferences survive 
that, after ihspcctibh bf a large amount of data and research findings bf other 
scientists. lerhaih plausible. Fbr ihstructibhal assessment, tasks and alibwable 
iitfcfcnccs about underiyiiig compete hce will need to be specified tiibre sysicmat- 
laDy. The translation of rnctbbds of cognitive analysis into forms usable for 
insmiciiotiai asscssfnent constitutes another major agenda for a cognitive thcbi^' 
of intervention; 



1 have tncd in this chapter to sketch an emerging revolution in the psychology of 
ii^truciibn. The cognitive perspective that now permeates psychology aiid its 
irlaied disciplines has profound impUcatiphs for the ways ih which wc ought, in 
tiic future, to think about ihstruciioh, .^s ! have suggested here, the new view of 
the learner as ah active cbhstructbr bf khbwledge forces a deep reconsideration of 
many bf the assurripiiohs bf the ihstructibhal thebries wic have been living with, 
Sonii of the directibhs in which the hew cbhstriictivist assumptibhs rhay lead 
iramictibhal theory have been suggcstttJ in the finai sectibh bf the chapter. But 
the particular questions addressed there arc only «uiy examples bf the ways ih 
which the tradinonal concerns of instnicdonal theor\' can be expected to take oh 
new substance as work toward a cognitive theorv' of instroction gathers mdntcn- 
tttm: 
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One of the more irnpdrtart influences on the direction of hrscanch in cbgriitibn 
is the camolating evidence for ihe central and complicated role of prior knowl- 
edge in performance and learning. As this phenomenon has been recognized ic 
has had the effect of directing the efforts of cognitive scientists toward intensivt 
btudy of human performance m pOTicaiar domains of skill or know ledge. Instead 
of searching for general laws of learning or devciopmeni many cognitive scien- 
tists arc now devoting attention to the analysis of specific task domains — inclad- 
ing many that arc of direct interest to the educator. Although this has the effect of 
making large segments of basic cognitive science immediately relevant to the 
task of dcvciopihg an instructiohai theory, it also renders the task more complex 
than it might have seemed in ths past. If we arc to find general laws of cognitive 
learning thai can be applied to ihsti^ctibh. it will be only through the detailed 
shidy of particular domains of fchdwicdgc. It is only in this way char we will be 
able to iiridersiahd how knowledge accumulates and influences hew cognitive 
constructions. 



REFERENCES 

A I m V . M . Logical thinkin g in secrmd ^rade . New York; Teachers Col Ic gc Prws . _1 9 70 
Andmofl; J: R: Cofimtivc sttits and tHelr acqWisitioh Hittsd^e. NJ ' tawrencc Eribiuin Auoci- 
ates. 198!. 

Andcnon. R. C. . Reynolds. R. E: . Sctialten. D; t-; : & Coca: T; E: Framev^drtci for cbrapwftehaiiig 
divcoufvt. Amenc^ Educaijona/ Reseju^ Journal. 1977. ^7-381 . 

Andcnon. R. C . Spiro. R. J., Andersoa. M. C Schemata scaffolding forihc teprocntadon of 
uildnhaubn Lii cbflhccttd diacbiinc. Amencdh Educdtionai Research Jcmntal 1978. 150). 
433—140. 

Au5u5cr. D: ZUucaiionai psvcfwiogy: A cdgmttve i'trw. New Ybrfc: HblL Rinchiit. & WinMoh. 
1966. 

BassiD. C B .: & MafHn: C: J: Effeca of ttvtt types of redundSiicy rcductioo od cbmprehcnsidri. 
rraduie rite, and reading nmc of English prose. Jourruxi of Educanonai Prvc'ho{og\. \9'^6. 65(5U 
649-^2. _ 

Brimrord. J. D . & Johnson^ M. K Contextual prerequLSites for understanding: Sornc investigations 
^( .-ornprcnsnjioa axui recall. Joumai of Verbal Learning ana Vcrool Behavior. 1972: i1. 

Brown. A. Met»:ogmtive development and reading. ln_R, J, Spirp. B _C. Bnicc. it W p Brewer 
'Eds:): TTpeorrncai Wuis in readuig comprrHrnsion. HiUsdafc. N J., l-awrencc Hiitwium Assbci- 
aies. 1980. 

Brown. J. S.. & Bonoo: R: R; DiigBosec models for procedural bugs in bisic tnathcmaiicai sfciiU. 

C^mrrvf 5cifnrtf. lC /8. 2. 135-192. 
Brown. J. S.. .& VacLehis. K. Toward a generative tbeory of bu^ in procedural sEiiIs In T; 

Carpchrer. J. Mc»rr._4 T. Ranbe^ iEds.).^<4ii/«^ and suttraction: A cogtunve persp^ive, 

HiUsdale. IfvLJ.; LdwiTOCe Hrlbtum Aiwtaie^ 
BfTinef . 3 5. Tfe P^^^ edikrdtion . J^anibndge^Mass. : i^^^^^j^p}y^}^ JPj^. \ 960. 
Brv3ttr. J. S. toward a theoryjjf instructiotx ._ Cambridge. Mas&.: Harvard University Pms. 1966: 
Champape: A: B; . GuxBtbne. R. F . & KJbpfcr, L. E. Cdgniuvc rwearth and the design or jciencc 

v[^a\^cvk6<n. Edi»canor%ai Psyc 1982. /7( n. 3 1-53. 



24 



36 RgSNlCK 



Chi, M T H.. Fcliovich. P.^ & CItsa:. R. Quejomiiion and rtpttimmoti of physics protilcms 

experts aiKj novrces Cofihiyn'e Science. I9iil. I. 121-132. 
Qucsi. H L. , Spjlich. C. J & Vpis. J F Acquisiiion of domain-rciaied informinon m rclaiior. (6 
high lod ipvk ddrnairi kiibwlcdpc Journal of V<rnSa/ t>orhmjc a>u? t>rbc. BeHa\'tor. I9'?*5. /fi 

OiHi: H; H;; S H«vilaj>a: S: E CompnrNcnsioh ind the giveri-ricv^ cbflrrtci. Ih R. O Frecdle 

(Ed. ). Discourse production ajxd comprefiension (Vol 1 ) NorwcxxJ, N.J Ablex, 19"^ 
Coke: E. V Readirif rate. f^^biijiS in variaiibns in ast-induccd pnxesiirig Journdl bt Lduca- 

nonal Pricnoiogy. j976. 68. j67-173 
Collii. K. F Tnr dn rlopmenT of fonrmJ reasoning f Project No: HR243-t'; Rcpbn) Social Research 

Councii of Crcii Bnuin. May 1975. 
DucKworth. E_ Eiihcr we're too cariy snd they can't \&jti i\ of wc ft too Hxc and they Encr* ii 

aJri»h The dilemma of "appfving Piaget." Nar^rd Education Rivien. 1979, 49i3» 

297-3L:. _ ; . 

H. C. Pvaiet ior reache>s En?[cwdod Cliffs, NJ.: Prrnoce-Hall. 1970 
Furth. H C. . & Wachs. H ThinkJn)^ ?oes to school. Puiftet's theory in pracncc Nr* Yoft Oxford 

UhiVCTSiiy Press. 1975. 
jagnc. R M. The acquisition of kjiowjedgc. Psvchoiofttcai ^evirH_, 1962. 69(4), 355-365 
Gapic: R: M tOTtiing hierarchies: Educaiionai Psychoibfisi. 1968 . 6*1). 1-9. 
GaiiigtJer. I.. &. Rcid. D K Hir leanung of Pujger ar^d Innrider, BcinwoL Calif.; Brook^oie. 
_ 1981. _ _ 

^*":°^^- .^^^ ^"^^'■f' of analohcal 'nodvls in science. iBBN* Rcporr .No. 4451) Carnbndgc. 
_ Mass.: _Bol:_ Bcranek <t .Sewman. Inc.- 1980. 

Ginsburg. H Chiidren s anihmetic The iVarninii process New York; Van Nosuand. 1977, 
Cinsburg, H^, &. Oppcr. S Pia^et s theory of imellectuai develapmem: Eaglcwood Cliffs S3J 

Prehhc-.Haif. I960 '__ __ _ _ __ ' 

Ciascr. R. InicnjctionaJ tcchnpipg) and_ tbc incatturement of learmng omcomes: Some questions. 

i4im'nrfl>T pjTcni^roy/jt, 19t»?; 75. 319-521 
CU*cr. R. the future of tcsaring- A reawurh for cojrnhivc psychotojy md psychof\>ctncs. 

Ammcoh Psychol ogrsi 1981: 36\ 923-936 
Ghjscr R The coninbutions of B. F. Skmncr to educarion xadym counterxaf^uences. ln_P, Suppcs 

^Ed ). Impact of research on eaucation. Washuigton; D C:: Nanonil Acaoettiv of Education. 

Gokimxn. S . R Kno^iedse children use in producing stones about problem iolvtnji . Pipcf prrsent- 

ed ai tJie annual meeting of the American F^ychofogicaJ Associati<^-i. *^ Ydri. \9'*9 
Greene. J G Cognitive otojcctrvet of mstrucpon: Theor>' of knovi ledzc for so? vuic problems aj»d 

as:«iwcnnc quesiiohb In D Klah- iEd.l. Cofhityoh and insfruction Hillsdaic. N.J Lawrence 

Eribaurr: Assocuics. l97o 
Groen. G i . 3i Pafurnan: 3 M :A chronornc&ic analysis of simple addition Ps>'choio^\ Kr^VrM 

1972. .129^3. 

Grocn. G J . & ResnicJc. L B Can preschool children invent aadmoii tlgonthim'^ 76urr^f or 
Educationd! Psychofo^ 1^77. 69 645-652. 

HaUidav. D . &. Rcsniclt, R. FundamrntaJs of ohysics, Ncm^ York: Wiley. 1974 

Ihheider: B., Sinclair H.. Sl Bovet. M l^rhthje and the dWeiopmenj co^nin<^. Cainbndgc. 

Mass. Harvard Un!ver5ii> Pntss. 1974. (Originally published. 191741 
Just: M A : 3: Cspeiiier. P :A InfereTKC process^ during reading; Rcflcciidns frwh eye fixaiKXi. 

In j W Senbcrv. D. F FUhcr. & R. A. Monry , /Edsj. £>r (wovrniwji^ 

functions Hillsdaie: N.J : tjwfcncc ErlbauiS Associates: 1981: 
Kamri. An a^liciition of Piaget's thcorv* to the coivwptQa|izaiion of a praciiooi cmricuium jji R. 

K._Paricer_(Ed, i. Thtjy re school m action: Elxpiorinji earh chiidhooc proffi v ns: Boiaoti. Mass.. 

AJIyn & Bacon. !972. 



1. TOWARD A CDGNmVE THEORY OF INSTRUCHON 37 



Kimii. C. ~& DcVnes. R Piagci for early educaiibri. h M. C Day & R. K. ftiricr »Eds.). The 

preschool in action. Boston Mass.; Allyn & Bacor . 1977. 
hUiona. G. Organizing anel riemorizihg: Studies tn the psycHotoj^y of learning and tfachthg .NcU 

Yofi: Hafncr. 1967. Ongiaally pu 
Kizdoi. A: E. Behavior rrioditlcauon ui cdacaiion: Concrjbuuom and limitaiions Deveiopmental 
1981. / 34:^57. 

Kioms. D: PfOdlctm of fefercocc in ie%l compfchciision . In M. A Just & P A; Cirpcnier IBB. K 

Cogmiive processes in comprehtnston. RiUsdalc. N.J.: Lawrence EHbium .Associates. 1977. 
ICimsch. W. Oo roodelmg coctipfehcnsiois: Educational Psxchologm 1979: 3-14; 
K-inoch. W.. & van piik. T A. Toward a mockl of icxi comprcheasion and productioo. 

cal Revir^^ 1975. 55. 363-394. 
I. jnkfoni. F. G. Some compu:^ional s^^^ ^'0 

:-C-OI3). HEW/OE Njuiorui Ccnicr.for Educational Rcstarch and Dcvclopmcni and the Cenicr 

for Advan^ Studies. Uhivcrsiry of Virginia. October !972. 
LariuD. J. H.. McDcrrnoa. J. .Simon. D._?_., & Simon. A. Expcn and novice performance m 

solving physics problems. Science. 1980. 8tX4450K 1335-1342. 
Lavatelii. C. S. Piag^et's theory applied to an early education cumculum: A Placet program. New 

YoHc; tfisraiag ReseaxcH Auociaies: 1970: 
Lovcil. K. The growth ^understanding in maxhemancs - Kindergarten through grade three. New 

Yoric: Holi. Riftciurt, & Wiistoe. 1971: 
V4a|cr. R. ^-P'^ponng objectivts for p^grajmed insrru Sari ^rancisco Fearun. 1 96 1. 
Mandlcr. J, M. A code in ihc node: The use of a story schema tn netnevai. Discourse Procei^er. 

:978. 14^35. ___ 

Vlayer. R. E.__Caxi adyaiKe, organizers influence meaningful learning ' Revieyv of Educational Re- 
search. 1979.49.371-383. _____ 

McConkie. G. w; . Rayner._k.. A Wilspq^. Expcruncntal manipulauoo of reading scruregics. 

7bun%mofZducmot&Psyc1^^ 1973. <S5rn. 1-8: 
Meyer. B, S. ?. The organization of prose and its effect on recoil. Amsterdam: Elsevier. 1975. 
NectSES. R: Models oj heunstic procedure modiftcation, Uifpablishcd docroral disseftation. Car- 

Kgic-Mcjlon Univcrsicy. 1981. 
Newell. A.. & Simon. H. A. Human problem solving. Englewood Cliffs. N.J : Prcntice-Hall. 1972. 
Puget. S . Success ojia understanding. Cambridge. Mass.- Harvard University- Press. 1978. iOngi- 

nally published. 1974.) 

iteshici. L. B. (Ed.). Hicrarthies in children's learning: A symposium, iristructioridi Science. 1973. 
:. 311-362. _ 

fl«njcfc; Z. B Tasi analysis th instruction 3«ign: Some cases from mathematics: In D. Klahr 

td. ). Cognition and instruction. Riiisdalc. S.S.. Lawrence Eribaunr: -*.ss<KJatcs. 1976 
Resntck: L: B: Syntax arid semantics in iearning to suwract. In T Carpeflter; J .Moscr: T: 

Romt)erg (Eds.*. Addition and suttracnon: A cognitive perspective. Hillsdale. NJ.: Lawrence 
_ Eribaum Associiies: 1982. . _ 

Resnjck. L. B. A developraental theory of numt«r uodcmaxulirig !h H. Ginsburg (Ed.j. The 

_ de\eiapment of mathemaricai thinking. Nfew York: Academic Press. 1983. . . 

R«nick. L. B.. i Ford. W. W. The psychology ^ mdthemdtics for instructtoh. Hillsdale. N.J.: 

Lawrenoc Eribaum Associates, 198 L 
RoOiSopf. E. 2.. <fe BiiUhgtbh. M. J. GbaJ-guided Icartuha from text: Infcrtirig a a«cnptivc pro- 

cessing rtiodei from uispeciion times and eye movetnenis. Journal of Educational Psychology . 
- 1^9: 77(3). 3ia-3r7: 

Sainueis. S. J.. &. Dahl. P. R. Establishing appropriate purpose for reading and its effon on 
_ flexibility of reading faie. Joiirnai of Sdxiccatonai Psychology. 1975. 67(\). 38-43. 
Schank. R.. St, .Abelsoo. R. Scrrpts^ pians^ goois. a^^d_ undeni^n^tng^ .An inquiry into human 
kno^iedfie stmctures. Hillsdale. N.J.. Lawrence Eribaum Associates. 1977. 



36 



38 RESNICK 



Scimaji. R. L.. Krupa. M P. , Siane. C,_R.. & Jaqucnt. D S Cjncreie opcraiionaJ thought a«a {he 
cinerfcncc of cJk cooccp< ol^un^ii force in chiHrcn s tK^nxYCS of cfectrbmaigncusrD *nd graviK 
__ S<^t^'K'e BduciUipn. \9S2. 06. {^1-]^. 

SNuJman. $ . & Kcislar: E: R: JEas j: tcvnihg b> oiscbvcn ; A criticiJ ippraisaJ. Chicago Rind 
McNiJiy. jQ66. 

Sicglcr. R The origins of scietitific rctsanihy In R: Sieglcr (ES j, CHUdrens minkinj! What 
_<:fr^r/c^5 W*J^^*|c-_^ 1 LawTcncr HHbaum Associai^. 1978. 
SijT^ _K A Idcnufyiitg basic ibilmes undeHyirig inicllifait pe i fornilnct of complex usts Ir- L, 
B Rcsnick (Exl.j. Thr ruuurr ^ mtrifigence. Hinsdilc. N.j.. Liwrence L'Hbaum Auociaics. 
1976 _ _ _ 

Sterner. B: F. T»chih| machines JtirTir^. 1958. 128. 969^977. 

Sptiich. C. J.. Vesooder, C. T.. Chieii. H A V<m, J, F Tcxi proceismg of (iomain-reijiea 
^Arnaudii fof ina^viaiuUs with high ukI fow (fcmain knowledge Journa/ of VrrSi/ Learnmf 

Stem: S t : & GJctm; C: G Ai: SaaUysis of ^Of^'^^mpre^^ ih efcmentary Khobj children Ir 
R O Frccdie lEd Nrn dirccru^ in discourse proceism^ fVoi. 2). Norwood. N.J . Ablex 
1979 

• ^ /^^^"P^^* Computer-asuned insmtcmm at Stanford. J 966^/968: Oam mod- 
_ eis ojtd evaiuanofi of the arithmnir prof(rafns Nc* Yoit Academic Prws. 1972 
SvtjiiCTi. O. AnaJysii of time required by chiidreo for sunpic addiikms. Aaa PT\vho4o^ica, i975. 
39. 289-302. _ 

/^^ P'***^'^' A <^pwp*ni<>n of 

oorrnaJ ind subn*.nnaJ children Scaruiiruxvuxn Joun%at <^ PsycMogy. \915\16\ I45-I5I 
Svenson. O . £ Hcdeibdrg. M. L. Suaiegie^ lised by children when ablving simpk uibcrtcnbru. 

Acta Fs\'chofqpca 19^9 1*13. 
Terrace H S: Discnrt:, nation leartuhe with and without errors. Journal cf £jq^nrwhtaf Anahyt^ of 

_ Behaxtor. 1963. 6 i-27 
ThorodiJce. £: L Hv Psyciioiog}^ of Ant^meiic Neu Ybrt: Micmillah. 1922. 
TTwralyfcc. J*. W Cognitive structures iii cornpreheasKn and memory of narruive discourse. Coj^- 
_ naive Psycholo^ : 1 977; 9( 1 ). ^- 1 JO: 

V5an«. L. Sjxxiuhe^ reasoning in eiciTMaicsiry dyharmo Ektropean Journai of Science Educo- 

don. 1979^ /( 2). 205-221 
Watsn. D.^ ^'^P^^S' ' P 7^' cornttivefx onerued curricuiyari: A 

frmework (or prrschool teacher i. ZT\itxi^: \:,n^ 
Wcr^rtiCT: M Producfne THtnltnz Sc^ Yort.: Hirper S Row. 1959 :OnginalN published. 

1945 i 

Woods. S S.. Resitick: t: B Gfocn. G: J Ah expmrricmai tesl of five process nKKfci5 for 
sutKnurrion Journa! of EaucortonJ* Psxchoio^. i975. 67M i. i7-2i. 



